
l|||||||||||||ll||l||||||||l|||||||||||||||||||||||||||||||||||||||||l|||||||||||||||||||| 
US 20040088013A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0088013 A1 

Stadler et al. (43) Pub. Date: May 6, 2004 

(54) DETECTION OF SUPRAVENTRICULAR Publication Classi?cation 
TACHYCARDIA WITH 1:1 ATRIAL T0 
VENTRICULAR CONDUCTION (51) Int. C1.7 ................................................... ..A61N 1/362 

(52) us. Cl. .............................................................. .. 607/14 

(76) Inventors: Robert W. Stadler, ShorevieW, MN 
(US); Je?'rey M. Gillberg, Coon (57) ABSTRACT 
Ra ids, MN US 

p ( ) The invention is directed to method and process for dis 
correspondence Address; criminating supraventricular tachycardia (SVT) With 1:1 
MEDTRONIC, INC atrial to ventricular conduction (AV conduction). Upon 
710 MEDTRONIC PARKWAY NE detection of a rapid heart rate, an implanted medical device 
MS_LC340 may determine Whether the rhythm exhibits insuf?cient 
MINNEAPOLIS, MN 554325604 (Us) evidence of sinus tachycardia, Whether the rhythm exhibits 

1:1 conduction, and Whether an electrical signal correspond 
(21) Appl, No; 10/284,874 ing to the rhythm exhibits a normal morphology. When these 

tests have been satis?ed, the device determines that an SVT 
(22) Filed: Oct. 31, 2002 With 1:1 AV conduction has been detected. 
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DETECTION OF SUPRAVENTRICULAR 
TACHYCARDIA WITH 1:1 ATRIAL TO 

VENTRICULAR CONDUCTION 

TECHNICAL FIELD 

[0001] The invention relates to processing of cardiac sig 
nals, and more particularly, to detection of cardiac arrhyth 
mias. 

BACKGROUND 

[0002] Many implanted cardiac devices monitor the elec 
trical activity of the heart for tachyarrhythmias. An 
implanted device typically classi?es the tachyarrhythmia, 
i.e., identi?es or discriminates the form of tachyarrhythmia. 
Discrimination is important because some tachyarrhythmias 
are life threatening and some are not. In addition, the 
implanted device may apply a therapy to treat the tach 
yarrhythmia, and discrimination is important to applying an 
appropriate therapy. 
[0003] One form of tachyarrhythmia is referred to as 
supraventricular tachycardia (SVT) With 1:1 atrial to ven 
tricular conduction (AV conduction). SVT With 1:1 AV 
conduction includes atrioventricular node reentrant tachy 
cardia, atrioventricular reentrant tachycardia (also called 
Wolff Parkinson White Syndrome), and other atrial tachy 
cardias that may be automatic, triggered, or reentrant. 

[0004] Some forms of SVTs are referred to as >1:1 AV 
conduction, meaning that the number of atrial activations 
exceed the number of ventricular activations. Therapies used 
to treat 1:1 SVTs may be different from therapies used to 
treat >1:1 SVTs. Atrial anti-tachycardia pacing, for example, 
may be relatively safe for treating >1:1 SVTs, but may be 
more risky for a 1:1 SVT. 

SUMMARY 

[0005] In general, the invention provides method and 
process for discriminating SVTs With 1:1 AV conduction 
from other forms of tachyarrhythmia. More speci?cally, by 
subjecting a heart rhythm to a series of tests, an implanted 
medical device may distinguish a 1:1 SVT from other and in 
particular, may distinguish a 1:1 SVT from conditions 
indicative of a >1:1 SVT. 

[0006] An implanted medical device may detect a fast 
heart rhythm by, for example, comparing the interval 
betWeen successive beats to a threshold. When the time 
interval betWeen successive beats falls beloW a threshold 
time, for example, the heart rate may be deemed to be fast. 
A fast heart rate, hoWever, does not necessarily indicate the 
presence of a tachyarrhythmia. A fast heart rate may be due 
to sinus tachycardia, i.e., a fast heart rate in response to a 
physiological stimulus, such as exercise. 

[0007] The implanted medical device may therefore 
evaluate the heart rhythm for evidence of sinus tachycardia. 
Typical sinus tachycardia may be indicated by a number of 
factors, such as a gradual onset of the fast heart rate. The 
gradual onset of a fast heart rate may be re?ected, for 
example, as a gradual shortening of the time periods 
betWeen successive R-Waves. The implanted medical device 
may therefore look to Whether a shortening of the R-R 
interval occurred suddenly, rather than gradually. A sudden 
R-R interval shortening is indicative of tachyarrhythmia, 

May 6, 2004 

and a gradual R-R interval shortening is evidence of sinus 
tachycardia. Other changes to the heart rhythm may also be 
inconsistent With sinus tachycardia, thus indicative of a 
tachyarrhythmia. 
[0008] Many forms of tachyarrhythmia, including a 1:1 
SVT, may be indicated by a sudden onset of a fast heart rate. 
To rule out other possible forms of tachyarrhythmia, the 
implanted medical device may test the heart rhythm for 1:1 
atrial to ventricular conduction. If the atrial activation rate 
generally exceeds the ventricular activation rate, then the 
implanted device may determine that 1:1 AV conduction is 
not present and, therefore, neither is a 1:1 SVT. 

[0009] Some forms of ventricular tachycardia exhibit 1:1 
retrograde conduction. These ventricular tachycardias, hoW 
ever, exhibit an abnormal signal morphology of the QRS 
complex, because the depolariZation of the ventricles does 
not occur by the normal route, i.e., by activation of the 
His-Purkinje system. Accordingly, the implanted medical 
device may test the morphology of an electrical signal from 
the heart to determine Whether the morphology is normal, 
i.e., consistent With normal sinus rhythm. A normal mor 
phology indicates an SVT. 

[0010] In one embodiment, the invention is directed to a 
method, comprising sensing a cardiac rhythm, and deter 
mining that the cardiac rhythm indicates SVT With 1:1 AV 
conduction When the rhythm exhibits insuf?cient evidence 
of sinus tachycardia, the rhythm exhibits 1:1 conduction, 
and an electrical signal corresponding to the cardiac rhythm 
has a normal morphology. In another embodiment, the 
invention is directed to a computer-readable medium com 
prising instructions for causing a programmable processor to 
carry out this method. 

[0011] In a further embodiment, the invention is directed 
to a medical device. The medical device includes a sensor 
proximate to a heart and a processor. The processor senses 
a cardiac rhythm and an electrical signal corresponding to 
the cardiac rhythm via the sensor, and determines that the 
cardiac rhythm indicates an SVT With 1:1 AV conduction 
When the rhythm exhibits insuf?cient evidence of sinus 
tachycardia, the rhythm exhibits 1:1 conduction, and the 
electrical signal corresponding to the cardiac rhythm exhib 
its a normal morphology. 

[0012] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 is a schematic diagram shoWing an example 
implanted medical device coupled to a heart of a patient for 
discriminating SVTs With 1:1 AV conduction. 

[0014] FIG. 2 is a block diagram illustrating example 
constituent components of the implantable medical device of 
FIG. 1. 

[0015] FIG. 3 is a How diagram illustrating an example 
technique for discriminating an SVT With 1:1 AV conduc 
tion. 

[0016] FIG. 4 is a How diagram illustrating implementa 
tion of the technique in FIG. 3 With exemplary discrimina 
tory algorithms. 
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DETAILED DESCRIPTION 

[0017] FIG. 1 shows a human heart 10 With an exemplary 
implantable medical device (“IMD”) 12 that may practice 
the invention. IMD 12 is a pacemaker comprising a ven 
tricular lead 14 an atrial lead 16. Leads 14 and 16 are 
attached to a hermetically sealed enclosure 18. Leads 14 and 
16 sense electrical signals attendant to the depolariZation 
and re-polariZation of heart 10. Leads 14 and 16 may further 
provide pacing pulses for causing depolariZation of cardiac 
tissue in the vicinity of the distal ends of leads 14 and 16. 

[0018] FIG. 1 shoWs ventricular lead 14 disposed in the 
right ventricle 20 of heart 10. The distal end of lead 14 
includes bipolar electrodes 22 and 24, although the inven 
tion may be practiced With a unipolar electrode at the distal 
end of lead 14. Similarly, atrial lead 16 is disposed in the 
right atrium 26, and includes bipolar electrodes 28 and 30 at 
the distal end of lead 16, but the invention may be practiced 
With a unipolar electrode at the distal end of lead 16. 

[0019] Leads 14 and 16 are coupled to enclosure 18 via 
connectors 32 and 34, Which in turn are coupled to connector 
module 36. Enclosure 18 includes one or more sense ampli 
?ers that detect atrial and ventricular activations sensed via 
electrodes 22, 24, 28, 30. By detection of the atrial and 
ventricular activations, IMD 12 senses a fast cardiac rhythm 
and determines Whether the cardiac rhythm is consistent 
With an SVT With 1:1 AV conduction. In addition to ana 
lyZing the cardiac rhythm, IMD 12 evaluates the morphol 
ogy of an electrical signal, such as an electrogram, that 
corresponds to the cardiac rhythm. By evaluating the mor 
phology, IMD 12 may distinguish a 1:1 SVT from a 1:1 
ventricular tachycardia having retrograde conduction. 

[0020] FIG. 2 is a block diagram illustrating an example 
embodiment of IMD 12 (FIG. 1). More particularly, FIG. 2 
is a block diagram illustrating one embodiment of the 
invention, in Which IMD 12 is a microprocessor-based 
pacemaker. Although the techniques for discriminating 
SVTs With 1: 1 AV conduction Will be described in reference 
to a pacemaker, the techniques are not so limited. The 
techniques, for example, may be incorporated Within other 
implanted medical devices, such as a pacemaker-cardio 
verter-de?brillator, an arrhythmia monitor that gathers data 
but does not provide any therapy to the patient, and the like. 

[0021] IMD 12 receives atrial signals via atrial sense 
electrodes 28, 30, and receives ventricular signals via ven 
tricular sense electrodes 22, 24. A sense ampli?er 42 
receives electrical signals from atrial sense electrodes 28, 
30, ampli?es and ?lters the signals, and senses Whether the 
signals shoW an atrial activation. As used herein, an activa 
tion is de?ned as an electrical excitation that propagates 
along the cardiac tissue. Ampli?er 42 may sense an atrial 
activation by techniques such as comparing the signal to a 
sense threshold. When ampli?er 42 senses an atrial activa 
tion, ampli?er 42 generates a digital signal on P-out line 44. 

[0022] Similarly, a sense ampli?er 46 receives signals 
from ventricular sense electrodes 22, 24, ampli?es and ?lters 
the signals, and senses Whether the signals shoW a ventricu 
lar activation. When ampli?er 46 senses a ventricular acti 
vation, ampli?er 46 generates a digital signal on R-out line 
48. 

[0023] Processor 50 receives the digital signals on P-out 
line 44 and the digital signals on R-out line 48. Processor 50 
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uses these signals to determine Whether the patient has a fast 
heart rate, Whether the heart rhythm exhibits evidence of 
sinus tachycardia and Whether the heart rhythm exhibits 1:1 
atrial to ventricular conduction. Techniques for evaluating 
Whether the heart rhythm exhibits evidence of sinus tachy 
cardia, and Whether the heart rhythm exhibits 1:1 AV con 
duction, Will be described in more detail herein. 

[0024] Atrial sense electrodes 28, 30 and ventricular sense 
electrodes 22, 24 supply signals to sWitch matrix 52, Which 
selects Which of the available sensors are coupled to Wide 
band (0.5 to 200 HZ) ampli?er 54 for use in digital signal 
analysis. Processor 50 controls selection of sensors by 
sWitch matrix 52. Signals from the selected sensors are 
provided to multiplexer 56 and are converted to multi-bit 
digital signals by analog-to-digital converter 58. The 
digital signals, Which may include digital atrial Waveforms, 
digital ventricular Waveforms, or both, may be analyZed by 
processor 50. An atrial or ventricular Waveform may be 
called an electrogram, or EGM. 

[0025] Digital signal analysis of an EGM may include 
analysis of signal morphology. Morphological analysis may 
include, for example, Wavelet analysis, Fourier analysis, 
signal correlation or template matching. In a typical appli 
cation of the invention, processor 50 evaluates the morphol 
ogy of a ventricular EGM. A normal morphology may 
indicate an SVT, While an abnormal morphology may indi 
cate another kind of arrhythmia, such as ventricular tachy 
cardia having retrograde conduction. For example, an elec 
trical signal that folloWs an abnormal conduction path 
through heart 10 may exhibit a QRS complex that is shaped 
differently from a QRS complex that results from an elec 
trical signal folloWing the normal conduction path. 

[0026] Morphological analysis algorithms may be 
encoded as a sequence of instructions stored in memory 
components such as random access memory (RAM) 60 or 
erasable programmable read-only memory (EPROM) 62, or 
any other combination of electronic storage elements. Pro 
cessor 50 may load the instructions from RAM 60 or 
EPROM 62 When performing a morphological analysis. 

[0027] RAM 60 or EPROM 62 may also store algorithms 
as sequences of instructions for determining Whether system 
40 should execute the instructions for performing a mor 
phological analysis. For reasons that Will be described 
beloW, morphological analysis Will typically not be per 
formed in every case, but Will be reserved for hear rhythms 
that have passed other tests. In particular, morphological 
analysis may be reserved for heart rhythms in Which the 
heart rate is rapid, evidence of sinus tachycardia is insuf? 
cient, and 1:1 AV conduction is exhibited. RAM 60 or 
EPROM 62 may store algorithms as sequences of instruc 
tions for determining Whether the patient has a rapid heart 
rate, Whether the heart rhythm is indicative of sinus tachy 
cardia, and Whether the heart rhythm exhibits 1:1 AV con 
duction. 

[0028] The electronic components of IMD 12 may be 
poWered by an internal poWer supply, such as a battery (not 
shoWn in FIG. 2). To prolong battery life, processor 50 may 
perform short-duration computations that use little energy. 
Computations to detect a rapid heart rate, to detect evidence 
of sinus tachycardia and to detect 1:1 AV conduction gen 
erally consume little energy. Computations involving mor 
phological analysis, hoWever, are generally more energy 
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demanding computations, and are performed When 
circumstances call for such morphological analysis. 

[0029] FIG. 3 is a How diagram illustrating an example 
technique for discriminating SVTs With 1:1 AV conduction. 
As illustrated in FIG. 3, the technique involves the evalu 
ation of Whether a plurality of criteria have been satis?ed. 
Although the technique is illustrated for exemplary purposes 
as sequential, the evaluations may be made sequentially, in 
parallel, or combinations thereof. Furthermore, the evalua 
tions need not be applied in a particular order although, as 
described beloW, the order of application may be arranged to 
conserve computation resources. 

[0030] Initially, processor 50 (FIG. 2) may analyZe a heart 
rate of the patient on a beat-to-beat basis (70) and, for each 
beat, may determine Whether the heart rate meets or exceeds 
fast heart rate criteria (72). Processor 50 may detect a fast 
heart rhythm by, for example, comparing a time interval 
betWeen successive digital signals on R-out line 48 (FIG. 2) 
to a threshold time. When the interval betWeen successive 
atrial activations is beloW the threshold time, for example, 
the heart rate may be deemed to be fast. Other techniques for 
detecting a fast heart rate may also be employed. 

[0031] An SVT With 1:1 AV conduction is characteriZed 
by a rapid heart rate. A fast heart rate, hoWever, is not 
necessarily caused by a 1:1 SVT. A fast heart rate may also 
be due to other forms of tachyarrhythmia, or may be due to 
sinus tachycardia in response to a physiological stimulus. 

[0032] Processor 50 may evaluate the heart rhythm for 
changes (74). In particular, processor 50 may evaluate the 
heart rhythm for sudden change in a cardiac interval such as 
the time interval betWeen successive R-Waves (the R-R 
interval). Changes in heart rhythm may be evidence of sinus 
tachycardia, or may be indicative of one or more forms of 
tachyarrhythmia. A 1: 1 SVT, along With some other forms of 
tachyarrhythmia, is characteriZed by abrupt changes in one 
or more cardiac intervals. 

[0033] The R-R interval, for example, gradually shortens 
over several beats When the patient experiences sinus tachy 
cardia, as the beats come closer and closer together in time. 
When the patient experiences a 1:1 SVT, by contrast, the 
onset of the rapid heart rate, and the shortened R-R intervals, 
is typically sudden. Accordingly, processor 50 may ?nd 
evidence of sinus tachycardia When processor 50 observes a 
gradual onset of a fast heart rate. Processor 50 may apply 
any of several possible criteria for determining Whether 
there has been a rapid or gradual onset of a fast heart rate 

[0034] Observation of a gradually shortening R-R interval 
is an exemplary test for heart rhythm changes, but is not the 
only possible test. Sinus tachycardia may be indicated or 
ruled out by other tests as Well. For example, a change in the 
time interval betWeen P-Waves and R-Waves (the P-R inter 
val) may indicate that the heart is not in sinus tachycardia, 
but is experiencing some other form of tachyarrhythmia. A 
sudden change in the R-P interval likewise may be incon 
sistent With sinus tachycardia. 

[0035] Whether sinus tachycardia is indicated or ruled out 
may be a matter of degree. Processor 50 may apply pro 
grammed standards to determine Whether a change in a 
cardiac interval is a “sudden” change in the cardiac interval. 
Similarly, a heart rhythm may include some evidence of 
sinus tachycardia, and some evidence of a rhythm other than 
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sinus tachycardia. Processor 50 may apply programmed 
standards to determine Whether there is suf?cient or insuf 
?cient evidence of sinus tachycardia. When the change in 
the cardiac interval is “sudden,” or When there is insuf?cient 
evidence of sinus tachycardia, sinus tachycardia is deemed 
to be ruled out, and the rhythm change onset criteria may be 
deemed to have been met. 

[0036] If the rhythm change onset criteria is met, proces 
sor 50 determines Whether 1: 1 AV conduction criteria is met 
(76). For example, processor 50 may test the heart rhythm 
for 1:1 atrial to ventricular conduction by comparing signals 
received on P-out line 44, Which re?ect the atrial rate, With 
signals received on R-out line 48, Which re?ect the ven 
tricular rate. When the atrial rate exceeds the ventricular 
rate, then 1:1 AV conduction is not present. 

[0037] In some applications of the invention, processor 50 
may test the heart rhythm for substantially 1:1 atrial to 
ventricular conduction. Strict one-to-one correspondence of 
atrial and ventricular activations is not required for a deter 
mination that 1:1 AV conduction is present. For example, 
processor 50 may determine that seven ventricular activa 
tions for every eight atrial activations quali?es as substan 
tially 1: 1 AV conduction, or processor 50 may determine that 
substantially 1:1 AV conduction is present When the median 
atrial rate is approximately equal to the median ventricular 
rate, plus or minus a programmed error range. 

[0038] The absence of 1:1 AV conduction may rule out the 
possibility of a 1:1 SVT, but the presence of 1:1 AV 
conduction still does not establish a 1:1 SVT. Some forms of 
ventricular tachycardia exhibit 1:1 retrograde conduction. 
The EGM accompanying these ventricular tachyarrhyth 
mias, hoWever, exhibits an abnormal morphology. The EGM 
accompanying an SVT, by contrast, folloWs a normal signal 
conduction path through heart 10 and produces an EGM that 
exhibits a normal morphology. 

[0039] Accordingly, processor 50 may direct sWitch 
matrix 52 to select one or more EGM signals, such as 
ventricular EGM from ventricular sensor 22 or 24, for a 
morphological analysis to determine Whether the EGM 
morphology is “normal,” as further described beloW (78). 
The EGM signal may be sampled by A/D converter 58 and 
converted to a digital signal for analysis. As noted above, 
morphological analysis may include any of several tech 
niques, such as Wavelet analysis, Fourier analysis, signal 
correlation or template matching. The satisfaction of the 
other criteria, and a normal morphology, indicates a 1:1 SVT 
(80), While an abnormal morphology indicates another form 
of tachyarrhythmia. 

[0040] Processor 50 may perform a morphological analy 
sis for several cardiac cycles. For example, processor 50 
may analyZe the morphology for eight cardiac cycles. Fur 
thermore, processor 50 may determine that the EGM is 
abnormal When a programmed number of cardiac cycles, 
such as three of the eight analyZed cycles, exhibit an 
abnormal morphology. 

[0041] In the embodiment of the invention shoWn in FIG. 
3, morphological analysis is reserved as the ?nal step in 
discriminating a 1:1 SVT, and is not employed unless other 
tests have failed to rule out a 1:1 SVT. Morphological 
analysis often involves poWerful and relatively complicated 
analysis algorithms, and consequently involves extensive 



US 2004/0088013 A1 

computation by processor 50. As a result, morphological 
analysis may take more computing resources than the other 
tests, and may therefore consume more energy than many 
other operations of processor 50. To preserve battery life, 
morphological analysis may be avoided When a 1:1 SVT has 
been ruled out by other tests. The invention encompasses 
embodiments, hoWever, in Which morphological analysis is 
performed at another stage, or in parallel With the other test. 

[0042] FIG. 4 is a How diagram illustrating an eXample 
implementation of the techniques shoWn in FIG. 3. In 
particular, FIG. 4 illustrates use of discriminatory algo 
rithms to perform the operations shoWn in FIG. 3. These 
discriminatory algorithms may be performed by an IMD to 
discriminate among the various forms of arrhythmia. The 
techniques of FIG. 4, therefore, illustrate hoW a 1:1 SVT 
may be detected When the IMD applies algorithms to detect 
other forms of arrhythmia. 

[0043] As in FIG. 3, processor 50 may analyZe the heart 
rate on a beat-to-beat basis (90) and may determine Whether 
the heart rate meets or eXceeds the fast heart rate criteria 
(92). When a fast heart rate is detected, a 1:1 SVT may be 
in progress, but sinus tachycardia or another tachyarrhyth 
mia may also be in progress. 

[0044] Next, processor 50 may analyZe Whether an atrial 
episode is in progress (94). Many implanted medical devices 
include an algorithm for determining Whether an atrial 
episode such as atrial ?brillation or atrial ?utter is in 
progress. Atrial episodes are characteriZed by >1:1 AV 
conduction. Therefore, When such an atrial episode is in 
progress, 1:1 SVT is not present. Processor 50 may deter 
mine that an atrial episode is in progress by, for eXample, 
counting the number of atrial events and ventricular events 
that take place per a number of beats or an interval of time 
and determining Whether the atrial events substantially out 
number the ventricular events. 

[0045] Processor 50 may evaluate the heart rhythm for 
evidence of sinus tachycardia (96). As noted above, proces 
sor 50 may look for changes in the heart rhythm, such as 
abrupt shortening of the R-R interval or a sudden change in 
the P-R interval. Processor 50 may also rule out sinus 
tachycardia When AV conduction is other than 1:1. In some 
IMDs, processor 50 employs an algorithm in Which evi 
dence of sinus tachycardia is counted over a programmed 
duration, and the counted evidence is compared to a thresh 
old. In such devices, processor 50 determines that sinus 
tachycardia is present When the evidence of sinus tachycar 
dia eXceeds the threshold. When the evidence of sinus 
tachycardia is beloW the threshold, there is insuf?cient 
evidence of sinus tachycardia, and sinus tachycardia is 
deemed not to be present. 

[0046] After sinus tachycardia is ruled out, processor 50 
may employ an algorithm to test the heart rhythm for 
stability (98). A 1:1 SVT is stable from beat to beat, but other 
rhythms are not stable. For eXample, bigeminy, in Which a 
premature ventricular contraction folloWs a normal ventricu 
lar activation, is usually not stable from beat to beat, but is 
evidenced by variations in the R-R interval. When consecu 
tive R-R intervals differ by more than 90 milliseconds, for 
eXample, bigeminy may be indicated. 

[0047] Processor 50 may eXecute an algorithm to elimi 
nate the possibility of <1:1 AV conduction (100), in Which 
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the ventricle activates more frequently than the atrium. 
When the rhythm passes the above tests, processor 50 may 
perform a morphological analysis (102) of an EGM signal as 
described above. A normal morphology indicates an SVT 
With 1:1 AV conduction (104). 

[0048] The invention may offer one or more advantages. 
By identifying 1:1 SVTs, appropriate therapy may be pro 
vided for this form of arrhythmia. In addition, therapy that 
may be risky for 1:1 SVTs may be avoided. Furthermore, the 
techniques for discriminating SVTs With 1:1 AV conduction 
can operate harmoniously With techniques for discriminat 
ing other arrhythmias. In particular, an implanted medical 
device may be able to distinguish a 1:1 SVT from a >1:1 
SVT. 

[0049] Various embodiments of the invention have been 
described. The preceding speci?c embodiments are illustra 
tive of the practice of the invention. Various modi?cations 
may be made Without departing from the scope of the 
claims. For eXample, the invention is not limited to the 
techniques shoWn in FIGS. 3 and 4. The order in Which tests 
are performed need not be exactly the same as shoWn in 
FIGS. 3 and 4, for eXample, and in some circumstances, 
several tests may be combined or performed simultaneously. 

[0050] The invention may be embodied in a computer 
readable medium With instructions that cause a program 
mable processor to carry out the techniques described above. 
A “computer-readable medium” includes but is not limited 
to read-only memory, Flash memory, EPROM and a mag 
netic or optical storage medium. The medium may comprise 
instructions for causing a programmable processor to deter 
mine that a cardiac rhythm indicates an SVT With 1:1 AV 
conduction When the rhythm eXhibits insuf?cient evidence 
of sinus tachycardia, the rhythm eXhibits 1:1 conduction, 
and an electrical signal corresponding to the cardiac rhythm 
eXhibits a normal morphology. These and other embodi 
ments are Within the scope of the folloWing claims. 

What is claimed is: 
1. A method comprising: 

sensing a cardiac rhythm; and 

determining Whether the cardiac rhythm indicates a 
supraventricular tachycardia (SVT) With 1:1 atrial to 
ventricular conduction (1:1 AV conduction). 

2 The method of claim 1, further comprising determining 
that the cardiac rhythm indicates an SVT With 1:1 AV 
conduction When the rhythm eXhibits a sudden change in a 
cardiac interval, the rhythm substantially eXhibits 1:1 con 
duction, and an electrical signal corresponding to the cardiac 
rhythm eXhibits a normal morphology. 

3. The method of claim 1, further comprising detecting a 
fast heart rate. 

4. The method of claim 1, further comprising evaluating 
the rhythm for a sudden change in a cardiac interval. 

5. The method of claim 4, Wherein evaluating the rhythm 
for a sudden change in a cardiac interval comprises evalu 
ating the rhythm for evidence of sinus tachycardia. 

6. The method of claim 4, Wherein evaluating the rhythm 
for a sudden change in a cardiac interval comprises evalu 
ating a plurality of R-R intervals, and determining that the 
rhythm eXhibits a sudden change in a cardiac interval When 
the intervals become shorter abruptly. 
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7. The method of claim 4, wherein the cardiac interval is 
at least one of an R-R interval, a P-R interval and an R-P 
interval. 

8. The method of claim 4, Wherein evaluating the rhythm 
for a sudden change in a cardiac interval comprises evalu 
ating a plurality of P-R intervals for changes in the intervals, 
and determining that the rhythm exhibits a sudden change in 
a cardiac interval When the intervals change abruptly. 

9. The method of claim 1, further comprising evaluating 
the rhythm for substantial exhibition of 1:1 conduction. 

10. The method of claim 9, Wherein evaluating the rhythm 
for substantial exhibition of 1:1 conduction comprises: 

receiving a plurality of atrial signals indicative of atrial 
activations; 

receiving a plurality of ventricular signals indicative of 
ventricular activations; and 

determining that 1:1 conduction is exhibited When the 
number of ventricular activations is approximately 
equal to the number of atrial activations. 

11. The method of claim 1, further comprising performing 
a morphological analysis on the electrical signal. 

12. The method of claim 11, Wherein the morphological 
analysis comprises at least one of a Wavelet analysis, a 
Fourier analysis, a signal correlation and a template match 
mg. 

13. The method of claim 11, further comprising: 

evaluating the rhythm for a sudden change in a cardiac 
interval; 

evaluating the rhythm for exhibition of 1:1 conduction; 
and 

thereafter, performing the morphological analysis. 
14. The method of claim 11, Wherein the electrical signal 

comprises a ventricular electrogram. 
15. A computer-readable medium comprising instructions 

for causing a programmable processor to: 

sense a cardiac rhythm; and 

determine Whether the cardiac rhythm indicates a 
supraventricular tachycardia (SVT) With 1:1 atrial to 
ventricular conduction (1:1 AV conduction). 

16 The medium of claim 15, the instructions further 
causing the processor to determine that the cardiac rhythm 
indicates an SVT With 1:1 AV conduction When the rhythm 
exhibits a sudden change in a cardiac interval, the rhythm 
substantially exhibits 1:1 conduction, and an electrical sig 
nal corresponding to the cardiac rhythm exhibits a normal 
morphology. 

17. The medium of claim 15, the instructions further 
causing the processor to detect a fast heart rate. 

18. The medium of claim 15, the instructions further 
causing the processor to evaluate the rhythm for a sudden 
change in a cardiac interval. 

19. The medium of claim 18, Wherein the instructions 
causing the processor to evaluate the rhythm for a sudden 
change in a cardiac interval cause the processor to evaluate 
the rhythm for evidence of sinus tachycardia. 

20. The medium of claim 18, Wherein the instructions 
causing the processor to evaluate the rhythm for a sudden 
change in a cardiac interval cause the processor to evaluate 
a plurality of R-R intervals, and to determine that the rhythm 

May 6, 2004 

exhibits a sudden change in a cardiac interval When the 
intervals become shorter abruptly. 

21. The medium of claim 18, Wherein the cardiac interval 
is at least one of the a R-R interval, a P-R interval and an R-P 
interval. 

22. The medium of claim 18, Wherein the instructions 
causing the processor to evaluate the rhythm for a sudden 
change in a cardiac interval cause the processor to evaluate 
a plurality of P-R intervals for changes in the intervals, and 
to determine that the rhythm exhibits a sudden change in a 
cardiac interval When the intervals change abruptly. 

23. The medium of claim 15, the instructions further 
causing the processor to evaluate the rhythm for substantial 
exhibition of 1:1 conduction. 

24. The medium of claim 23, Wherein the instructions 
causing the processor to evaluate the rhythm for exhibition 
of 1:1 conduction cause the processor to: 

receive a plurality of atrial signals indicative of atrial 
activations; 

receive a plurality of ventricular signals indicative of 
ventricular activations; and 

determine that 1:1 conduction is exhibited When the 
number of ventricular activations is approximately 
equal to the number of atrial activations. 

25. The medium of claim 15, the instructions further 
causing the processor to perform a morphological analysis 
on the electrical signal. 

26. The medium of claim 25, Wherein the instructions 
causing the processor to perform the morphological analysis 
cause the processor to perform at least one of a Wavelet 
analysis, a Fourier analysis, a signal correlation and a 
template matching. 

27. The medium of claim 25, the instructions further 
causing the processor to: 

evaluate the rhythm for a sudden change in a cardiac 
interval; 

evaluate the rhythm for exhibition of 1:1 conduction; and 

thereafter, perform the morphological analysis. 
28. The medium of claim 25, Wherein the electrical signal 

comprises a ventricular electrogram. 
29. A medical device comprising: 

a sensor proximate to a heart; and 

a processor that senses a cardiac rhythm and an electrical 
signal corresponding to the cardiac rhythm via the 
sensor, and determines Whether the cardiac rhythm 
indicates an SVT With 1:1 AV conduction. 

30. The device of claim 29, Wherein the processor deter 
mines that the cardiac rhythm indicates an SVT With 1:1 AV 
conduction When the rhythm exhibits a sudden change in a 
cardiac interval, the rhythm substantially exhibits 1:1 con 
duction, and the electrical signal corresponding to the car 
diac rhythm exhibits a normal morphology. 

31. The device of claim 29, Wherein the sensor is a ?rst 
sensor proximate to a ventricle of the heart, the device 
further comprising a second sensor proximate to an atrium 
of the heart. 

32. The device of claim 29, further comprising: 

a sense ampli?er that receives the electrical signal and 
generates an activation signal as a function of the 
electrical signal; and 
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an analog-to-digital converter that receives the electrical 
signal and generates an digital electrograrn signal as a 
function of the electrical signal. 

33. The device of claim 32, Wherein the processor ana 
lyZes the morphology of the electrical signal corresponding 
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to the cardiac rhythm by analyZing the morphology of the 
digital electrograrn signal. 

34. The device of claim 29, Wherein the device is irnplant 
able in a human body. 

* * * * * 


